This function has been experimentally obtained through Fourier analysis of Raman lineshape data and directly measured using picosecond spectroscopy. Several models 1 have been advanced which relate the experiments to the specific interactions responsible for the dephasing. Since these models treat the system as a harmonic oscillator weakly coupled to a reservoir of oscillators in thermal equilibrium, they are most appropriate for describing dephasing of diatomic molecules. In polyatomic systems, however, the situation is complicated by the presence of a number of intramolecular modes, some of which may interact ~ore strongly with the vibration of interest than does the reservoir. In this regard, we recently pointed out 2 that intermolecular energy exchange of low frequency modes plays an important role in the dephasing of high frequency vibrations. The key idea in this approach is the partitioning of the degrees of freedom of the molecule and surroundings into three groups: (i) the vibrational mode A whose dephasing we are investigating, (ii) the exchanging modes and (iii) the reservoir. The exchanging modes are those which interact strongly with mode A via the anharmonic portion of the vibrational potential, and are also capable of exchanging energy with reservoir degrees of freedom. These interactions introduce a time dependence into the Hamiltonian which can be thought and of as a modulation of the frequency of mode A/which leads to a loss of vibrational phase coherence.
In this letter, we outline a formalism which treats this problem starting from the reduced density matrix and the Markoffian approximation and show how this approach offers a direct link between the theories of Kubo The Hamiltonian which will be used to describe the molecule and reservoir takes the form (1) HA and HB are the zero order Hamiltonians for·the high frequency mode and the (2) where p is the density matrix for the molecule plus reservoir and TrR is a
a, bj and Sk are annihilation operators for the A mode, B modes and reservoir modes respectively, and V his the anharmonic coupling between A and B modes. an
By invoking the Markoffian approximation,the equation of motion (2) can be shown to reduce to 0 0 9 -1-I 
TI1ese density matrix elements obey the coupled equations (9) and (10) which :
can be compactly expressed and solved using a matrix notation. We arrive at 4 a result which is identical to Anderson exchange, namely
1 is a vector whose elements are all unity, {!J is a diagonal matrix and contains -~ the vibrational frequencies including frequency shifts, and ~ gives the transition rates between these frequencies. ~ is a column vector which gives the initial population distribution. The spectrum is the Fourier transform of (12) which, for the t~..ro frequency case (Eq. (9) and (10)) becomes:
where w' = w -w -ow/2. This reduces to· the low temperature approximation We should note that the application of these equations to spontaneous
Raman scattering or infrared spectroscopy leads to a knowledge of the exchange rates, W+, the lifetime of the low frequency mode, (W_)-l : T, and the identification of the specific exchange mode B which is important in bringing about vibrational dephasing. In this model the dephasing results from random frequency modulation of the high frequency mode A by an amount ow due to intermolecular exchange of the low frequency mode B. The magnitude of ow is deter-
;.;; 0 0 0 mined by the anharmonic potential which couples modes A and B.; therefore, the dephasing can be highly selective in the sense that particular terms in the eA~ansion of the potential may be dominant. To illustrate more explicitly the nature of this selectivity it is instructive to consider the relative importance of individual terms.
The anharmonic potential is expanded into cubic and quartic terms as:
In this expression, the C's are real coefficients while the Q's represent vibrational normal coordinates in the harmonic approximation. Starting with harmonic oscillator base states, the contribution to ow from each of these terms has been estimated to second order and is listed in Table I . The only The Raman spectrum of durene in the C-H stretching region provides an excellent example of the application of exchange theory to vibrational dephasing.
This example possesses the advantage th3t individual low frequency-methyl group motions appear to dominate the dephasing of the high frequency C-H stretches, and thus the interpretation of the data is straightforward.
The Raman spectrum of durene between 2850 cm-l and 3050 cm-l is shown in A second feature which is important to note is that both positive and negative frequency shifts with temperature are observed. This is to be expected from the exchange model, This correspondence is indicated in the column labelled "Dephasing Mode" in Table 2 , along with the symmetry of these modes in the point group n 2 h. The observed fundamental frequencies for these modes
are 187 em and 197 em for the torsion, 282 em for the methyl rock, and
354 em for the out-of-plane bend· presented here The experimental results/demonstrate that the interaction responsible for dephasing via a coupling to the low frequency modes is very selective. This is perhaps the most surprising result of the study.
In conclusion, we have outlined an approach to vibrational dephasing in condensed phases based on energy e~change which is potentially applicable to many experimental cases. This formalism has been applied to the analysis of the Raman spectrum of durene in the C-H stretching region. It was found that single low frequency methyl group modes provide the dominant dephasing channels via intermolecular energy exchange, and analysis of the temperature de- 
a Calculated using second order perturbation theory + +I-
These quantities represent ow in em for a situation where all C-coefficients are equal to 1 em ,w 1 • 3000 em 
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